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RESEARCH ARTICLE  
 
Abstract 
Brassicaceae family is an important one since it includes many economic and significant industrial oilseeds, 
spices, vegetables and some forage plants. In this study, sequences analysis among Chrysochamela (Brassicaceae) 
species distributed in Turkey were conducted nrDNA ITS and cpDNA trnL intron sequences. Chrysochamela 
species were collected and brought to the laboratory. ITS and trnL intron sequences were corrected with BioEdit 
and FinchTV programs. As a result of the study, ITS nucleotide compound compositions were determined as 
22.7% T, 29.1 C, 21.5% A and 26.7% G. The lowest distance was 0.000 and the highest distance was 0.037. The 
phylogenetic tree obtained using the MEGA 6.0 program consists of two large groups. According to trnL intron 
sequences 37.9% T, 18.4 C, 28.3% A and 15.5% G. Nucleotide compound compositions were determined. The 
genetic distance between species was determined between 0.000 and 0.022. Maximum likelihood phylogenetic 
tree consists of two large groups.  As a result, phylogenetic analyzes using ITS and trnL intron sequences were 
compatible with each other. It was also in past studies found to be supported by morphological, anatomical and 
RAPD data. 
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INTRODUCTION 
Turkey, the origin of a number of crop plants and many species of plant and / or 
one of the centers of diversity (Balkaya and Karaagaç, 2006). Different ecological 
conditions have enabled Turkey to have such a great genetic (Pinar et al., 2021). 
The Brassicaceae comprises 49 tribes, 321 genera and 3660 species in the world 
(Al-Shehbaz, 2012). This family, in Turkey, consists of 88 genera and 539 species 
(Başer et al., 2018). This family includes many vegetable crops of the genera 
Brassica L. and Raphanus, L. sources of spices (Eutrema R.Br. and Armoracia 
Gaertn. Mey Et Schreb.) and vegetable oils (Brassica), ornamental plants 
(Arabis,L., Hesperis L., Lobularia Desv. and Matthiola R.Br.), and model species in 
experimental biology (for example, Arabidopsis thaliana (L) Heynhold) (Koch 
and Marhold, 2012; Guo et al., 2017; Esmailbegi et al., 2018). The genus 
Chrysochamela (Fenzl) Boiss., is one of the genus of Brassicaceae. In the flora of 
Turkey, there are 3 species of Chrysochamela genus viz., (Chrysochamela elliptica  
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(Boiss.) Boiss., Chrysochamela velutina (DC.) Boiss. and Chrysochamela noeana (Boiss.) Boiss.) (Çakılcıoğlu et al., 
2017). 
 The nrDNA ITS region has been used in numerous plant systematic studies (Gültepe et al., 2010). The length and 
sequence of ITS regions are believed to be fast evolving. In angiosperms, the length of the ITS sequences ranges 
from about 500-700 bp (Figure 1) (Baldwin et al., 1995; Sultana et al., 2011).  
 
  
Figure 1. nrDNAITS regio (White, 1990) 
 
Chloroplast genome structure, gene content, and gene sequence are generally better conserved than the nuclear 
and mitochondrial genome (Meng et al., 2018; Abbasi et al., 2021). Chloroplast genome sequences provide a 
valuable reference for DNA barcoding (Raveendar et al., 2015). cpDNA regions, plant phylogenetic (intergeneric, 
interspecific, and intraspecific) widely used in studies (Taberlet et al., 1991; Dizkirici et al., 2019). Currently, the 
trnL-F region of the chloroplast genome is one of the most popular markers.  The intron of group I of the trnL UAA 
gene is 250-1400 bp in length and is located between the trnL5' and trnL3' exons of the tRNA gene (Figure 2) 
(Nuzhdina et al., 2018).  
 
Figure 2. cpDNA tmL intron region (Taberlet et al., 1991) 
 
 In this study, sequence analysis of  Turkish Chrysochamela taxa using nr DNA its and cpDNA trnL intron 
sequences were performed to elucidate genetic relationships. 
 
MATERIALS AND METHODS 
 Plant samples and genomic DNA isolations 
 The fresh green leaves from 5 species of Chrysochamela genus were collected from Sivas, Şanlıurfa and Ankara 
in Turkey (Table 1.) and brought to the plant biotechnology laboratory at Aydın Adnan Menderes University, Faculty 
of Agriculture. The collected specimens, by looking at the identification key from Flora of Turkey were identified by 
Dr. Mehmet Yavuz PAKSOY.  
 nrDNA ITS and cpDNA trnL intron sequences of Chrysochamela velutina (DQ249856.1; DQ479861.1), Pennellia 
longifolia (KX774362.1; AF307549.1), Arabidopsis thaliana (MT376816.1; LN610062.1), Capsella bursa-pastoris 
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(KJ955894.1; AF055264.1), Cardamine pratensis (KP723224.1; AF079326.1), Cardamine uliginosa (MW476390.1; 
EU819188.1), Dipoma iberideum (GQ497861.1; KT762601.1), Descurainia sophia (MH711062.1; AY230547.1), 
Camelina microcarpa (KC172844.1; DQ406777.1), Draba hispida (DQ467296.1; AY900381.1), Draba sibirica 
(DQ467416.1; GU202782.1), Arabis nova (GU182041.1; JQ919817.1), Arabis abietina (KF547238.1; KF547708.1), 
Ricotia carnosula (KR262087.1; MK941945.1), Ricotia davisiana (KR262078.1; MK941954.1), Malcolmia africana 
(AY237307.1; KJ623348.1), Brassica elongata (GQ268078.1; AY722511.1), Brassica deflexa (GQ268077.1; 
AY722510.1) and Lepidium sativum (AY662279.1; AY015891.1) were retrieved from NCBI nucleotide databank 
and these taxa were also included in the analysis. Total genomic DNAs were extracted using DNAeasy Plant Kit 
(Gene Mark). 







B4 Ankara: Between Ayas and Beypazarı, 
before 5 km to Beypazarı, gypsum slopes, 590 
m, Paksoy 1446. 
MZ710053 MZ712012 
Chrysochamela velutina 
C7 Şanlıurfa: Ceylanpinar, Hamitköy vicinity, 
rock cracks, 400 m, Paksoy 1401 
MZ683396 OK018342 
Chrysochamela noeana 
B6 Sivas: Between Düzova and Dedeli village, 
Rock slopes, 1300 m, Paksoy 1482. 
MZ710051 OK018343 
Chrysochamela noeana: 
B6 Sivas: Hafik, Tuzhisar village, rock slopes, 
1000 m, Paksoy 1484 
MZ710055 OK018344 
Chrysochamela noeana: 
B6 Sivas; Lake Tödürge, around Cumhuriyet 




 PCR amplifications and sequencing 
 The nrDNA ITS, and cpDNA trnL intron regions wereamplified using a Thermal Cycler. The PCR reactions were 
performed using primers shown Table 2. The amplification process was performed in 25 µl reaction volume. Each 
PCR reaction contained, 1 µL for forward primers and 1µl for reverse primers, 2.0 µL of total genomic DNA, 5 µL 
master mix (Taq DNA polymerase, reaction buffer, MgCl2, dNTPs, and enzyme stabilizer) and 16.0 µL of ddH2O. For 
ITS and trnL intron, PCR protocol; Pre-heating 94°C/5 min 1 cycle, Denaturation step, 94°C/45s (35 cycles), 
annealing step, 50 °C/45s (35 cycles), extension step, 72°C/1 min (35 cycles), final elongation at 72 °C for 10 min. 
As a result of PCR, samples were run on 1% agarose gel electrophoresis. Purified PCR products were sequenced 
with the amplification primers by a biotechnology company (TRIOGEN/İSTANBUL) and (LABBIOTEK/İZMİR). 
Subsequently obtained DNA sequences were edited both manually and by using the Bioedit (Hall, 1999), and 
FinchTV programs. Both nrITS and trnL intron sequences were uploaded into NCBI and GenBank numbers are given 
in Table 1. 
Table 2. nrDNA ITS and cpDNA trnL intron, primers 
Primer name 5’ to 3’ Primer sequence References 
ITS5A CCTTATCATTTAGAGGAAGGAG White et al., 1990 
ITS4 TCCTCCGCTTATTGATATGC White et al., 1990 
trnC CGAAATCGGTAGACGCTACG Taberlet et al., 1991 
trnD GGGGATAGAGGACTTGAAC Taberlet et al., 1991 
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 Aligment and phylogenetic analysis 
 nrDNA ITS, and cpDNA trnL intron sequences were aligned using MEGA 6.0 alignment software (Tamura et al., 
2013). The phylogenetic tree was generated using the Maximum Likelihood (ML) method constructed using 
MEGA 6.0 program. The phylogenetic tree was evaluated with bootstrap test on 1000 resamplings (Felsenstein, 
1985).  
 
RESULTS AND DISCUSSIONS    
 Plant molecular systematics and phylogenetics have been recently used to support classical taxonomy. Due to 
differences in evolution rates, plant DNA sequences can be used in classification analysis (Cai et al., 2010). nrDNA 
and cpDNA regions have been frequently used to determine the phylogenetic relationships of some species of the 
Brassicaceae family (Warwick et al., 2010; Marhold et al., 2004; Ali et al., 2010; Jordon-Thaden et al., 2010; German 
et al., 2011; Ozüdoğru et al., 2015; Li et al., 2015; Perfectti et al., 2017; Ozüdoğru and Mummenhoff, 2020). 
nrDNA ITS sequences 
Ribosomal DNA (rDNA) has been extensively studied as a source of higher genetic variability for the classification 
and identification of plants at generic and infra generic levels. As a result, it has been successfully applied to solve 
the phylogenetics of various model and non-model plant species (Amar et al., 2014). The nrDNA ITS sequences 
obtained in this study ranged from 653 to 672 nucleotides in length between 5 samples. The nrDNA ITS nucleotide 
composition was 22.7% T, 29.1 C, 21.5% A and 26.7% G (Table 3).  










C. noneae (Hafik) 658 21.4 22.5 27.1 29.0 
C. elliptica 653 21.9 22.7 26.5 28.9 
C. noneae (Düzova) 653 21.4 22.5 26.8 29.2 
C. noneae (Tödürge) 654 21.4 22.6 26.8 29.2 
C.valutina 672 21.4 23.1 26.3 29.2 
Avg. 658 21.5 22.7 26.7 29.1 
 
 The genetic distance method based on nr (DNA) ITS set was applied with MEGA 6.0 program. The lowest 
sequence segregation between intra-group taxa was recorded as 0.000 and the highest as 0.037 (Table 4).  
 
Table 4. Pairwise distances among Chrysochamela taxa based on nrDNA ITS sequences obtained using MEGA 6.0 
software distance matrix 
Taxa 1 2 3 4 5 
C. noneae ( Hafik)      
C. elliptica 0.034     
C. noneae ( Dözova) 0.000 0.034    
C. noneae ( Tödürge) 0.000 0.034 0.000   
C.valutina 0.027 0.037 0.027 0.027 - 
 
 ITS sequences of Chrysochamela species distributed in Turkey were formed as well as Maximum likelihood tree 
using other sequences taken from NCBI (Gene Bank). The Maximum likelihood tree formed based on ITS sequences 
of the samples collected from Turkey consists of two large groups (Figure 3A).  
 Clade A consists of 3 populations of Chrysochamela  noneae and Chrysochamela valutina species. In this clade, 
Chrysochamela noneae populations received 100% bootstrap support. Chrysochamela valutina was found close to 
these three populations. Clade B, on the other, only comprises of Chrysochamela elliptica species. In addition, 
phylogenetic tree was formed with maximum likelihood method based on nrDNA ITS sequences of some species 
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taken from NCBI. In this phylogenetic tree, Chrysochamela species were found monophyletic with 100% bootstrap 
value (Figure 3B).  
 
 
Figure 3. The maximum likelihood tree generated nrDNA ITS sequences Chrysochamela species and other species 
sequences retrieved from NCBI 
 
cpDNA trnL intron sequences 
cpDNA trnL intron sequences obtained in this study ranged from 525 to 632 nucleotides in length between 5 
samples. The trnL intron nucleotide compositions were 37.9% T, 18.4 C, 28.3% A and 15.5% G (Table 5).  














525 28.2 37.9 15.4 18.5 
C. elliptica  528 28.8 37.7 15.7 17.8 
C. noneae 
(Düzova) 
528 28.2 37.9 15.5 18.4 
C. noneae 
(Tödürge) 
525 28.4 37.9 15.2 18.5 
C.valutina 532 27.8 38.0 15.4 18.8 
Avg. 527.6 28.3 37.9 15.5 18.4 
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The genetic distance between species was determined between 0.000 and 0.022 (Table 6).  
 
Table 6. Pairwise distances among Chrysochamela taxa based on cpDNA trnL intron sequences obtained using 
MEGA 6.0 software distance matrix 
Taxa 1 2 3 4 5 
C. elliptica      
C. noneae (Hafik) 0.018     
C. noneae (Düzova) 0.018 0.000    
C.valutina 0.022 0.008 0.008   
C. noneae ( Tödürge) 0.020 0.002 0.002 0.010 - 
 
 In the phylogenetic tree, in clade A, Chrysochamela noneae populations emerged together and were supported 
by 71% bootsrapt value. Chrysochamela valutina was found close to these three populations. Clade B, on the other, 
only comprises of Chrysochamela elliptica species (Figure 4A).  According to the maximum likelihood phylogenetic 
tree based on trnL intron sequences of some species taken from NCBI, Chrysochamela species were found to be 
monophyletic with a bootstrap value of 66 % (Figure 4B).  
 
 
Figure 4. The maximum likelihood tree generated cpDNA trnL intron sequences Chrysochamela species and other 
species sequences retrieved from NCBI 
  
 In the past there are phylogenetic studies with ITS sequence analysis using the Chrysochamela velutina species 
(Heenan et al., 2012; Warwick et al., 2010; German et al., 2009). Sevindik et al (2019), In Turkey, phylogenetic 
relationships of Chrysochamela species were determined by using RAPD and ISSR markers. In the study, a total of 
41 bands from RAPD primers and 58 bands from ISSR primers were obtained. In the UPGMA phylogenetic tree 
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obtained in the RAPD results, Chrysochamela noneae and Chrysochamela valutina species together were found, while 
in the ISSR results, Chrysochamela noneae and Chrysochamela elliptica species together were found. Our results 
were consistent with the RAPD results. Çakılcıoğlu et al (2017) conducted a study on comparative micromorphology 
and anatomy of Chrysochamela species and concluded that in the leaves anatomy, Chrysochamela noeana and 
Chrysochamela velutina species have lower collenchyma phloem while Chrysochamela elliptica does not. However, 
while Chrysochamela elliptica and Chrysochamela noeana species were found to have upper collenchyma xylem, 
Chrysochamela velutina was also found to lack. In the trunk anatomy analysis, Chrysochamela velutina and 
Chrysochamela noneana species were found to have 1-2 mm cortex endodermis layer, 1-3 mm pericyclic while both 
layers were detected to be 1 mm for Chrysochamela elliptica. In seed morphology analysis, seed shape was detected 
as elliptic for Chrysochamela  velutina and Chrysochamela noeana species, oblong for C. elliptica while epidermal cell 
shape was detected as irregular for Chrysochamela  velutina and Chrysochamela noeana and polygonal isodiametric 
for Chrysochamela  elliptica. Considering micromorphologic and anatomic characters, it was found that they support 
ITS and trnL intron analysis. In ITS and trnL intron analysis, Chrysochamela noeana populations and Chrysochamela 
velutina species were found within the same group phylogenetically.  
 
CONCLUSION 
 As a result of in this study, phylogenetic analysis of Turkish Chrysochamela taxa using nrDNA ITS and cpDNA 
trnL intron sequences were performed to elucidate phylogenetic relationships. However, Chrysochamela species 
in Turkey have been found to be monophyletic according to ITS and trnL intron sequences. Phylogenetic analysis 
performed using ITS and trnL sequences were found to better comply with the morphologic and anatomical data. 
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